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 The System of Systems (SoS) and modern systems are 
often coupled with complex and dynamic environment.

 To design an adaptive SoS, analyzing and understanding 
the environment is required, but there is a lack of practical 
guidelines of analyzing the environment. 

 To guide practical environment modeling of adaptive SoS, 
we propose a data-driven environment modeling 
process based on a meta-model.

APPROACH

Acquire historical 
environment data

Decide factor types and analysis 
techniques of the environment model

Preprocess data in
machine-readable form

Mark or process
goal-related factors

Extract and analyze
outliers for each factor

Analyze dynamic patterns
for each factor

Analyze correlations 
between factors

Complete
environment model

Analyze the environment
using the model generated

Is model 
sufficient?

more data
available?

Design an SoS
based on the model 

Collect domain 
knowledge

Outlier 
data points

Pattern
representations

Correlation
scores

Y

N

Y

N

Figure 2. A metamodel of environment for adaptive SoS (based on [1])

Figure 1. Overall environment model generation process  We proposed an environment modeling method for 
adaptive systems-of-systems (publicly available at [3]).

▪ Data-driven environment modeling process using historical 
environmental data

▪ A metamodel of the adaptive SoS environment to guide 
environment modeling in terms of data

 On the case study, we have shown that our modeling 
process can help engineers to obtain the essential 
understanding of the environment.
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Figure 3. A traffic environment model generated using the given traffic data
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